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(57) Abstract: The invention relates to: A portable 
medication delivery device (1) comprising a medication 
cartridge (11) having an outlet (111) and a movable piston 
(112), and a housing (12) for holding said cartridge, and 
a flexible piston rod (13) being operable to engage and 
displace said piston along an axis (113) of said cartridge, 
and guiding means (14) for bending said piston rod away 
from said axis, and actuating means (15), and driving 
means (16, 17) for transferring movement from said 
actuating means to said piston rod, said driving means 
including a driving wheel (17) for displacing the piston rod 
(13), said flexible piston rod comprising regularly spaced 
first members (330; 331; 332) adapted to mechanically 
cooperate with corresponding second members (171) on 
said driving wheel. The object of the present invention 
is to provide a medication delivery system that combines 
compactness with an improved accuracy. The problem is 
solved in that said flexible piston rod (13) exhibits a linear 
or approximately linear path between said driving wheel 
(17) and said piston (112). This has the advantage of 
yielding a compact, low-weight device with an improved 
dose accuracy- The invention may e.g. be used in injection 
or infusion devices for a person's self-treatment of a 
disease such as diabetes. 


WO 02/28455 Al 1111111111 


CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, 
TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 


For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 


WO 02/28455 PCT/DK01/00651 


Medication delivery device with bended piston rod 


The Technical Field of the Invention: 

5 

The invention relates to the design of medication deliv- 
ery systems with a view to compactness, reliability, 
weight and production cost. 

10 The invention relates specifically to: A portable medica- 
tion delivery device comprising a medication cartridge 
having an outlet and a movable piston, and a housing for 
holding said cartridge, and a flexible piston rod being 
operable to engage and displace said piston along an axis 

15 of said cartridge, and guiding means for bending said 
piston rod away from said axis, and actuating means, and 
driving means for transferring movement from said actuat- 
ing means to said piston rod, said driving means includ- 
ing a driving wheel for displacing the piston rod, said 

20 flexible piston rod comprising regularly spaced first 
members adapted to mechanically cooperate with corre- 
sponding second members on said driving wheel. 


25 Description of Related Art: 

The following account of the prior art relates to one of 
the areas of application of the present invention, medi- 
cation delivery systems for self-treatment of a disease. 

30 

In a medication delivery system for self-treatment of a 
disease such as diabetes, safety and convenience in the 
handling of the injection or infusion are of major impor- 
tance. One very important aspect of this is compactness 
35 of the device. Another very important aspect for a user 
is to ensure that a correct intended dose is delivered. 
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For the manufacturer of the devices aspects such as pro- 
duction control (testability) and economical solutions 
are important. A handy, i.e. small volume and light- 
weight, device that is highly reliable and at the same 
5 time economical in production is in demand. 

US-A-5, 637, 095 discloses a medication infusion pump with 
& flexible drive plunger comprising a spring tape. In one 
preferred form of the invention, the spring tape is 

10 wrapped or coiled onto a take-up spool within the pump 
housing. Drive means such as a drive capstan roller and 
associated pinch roller engage and advance the spring 
tape under control of the pump drive motor to correspond- 
ingly engage and advance the piston to deliver medication 

15 to the patient in a programmed manner. 

EP-A-0 110 687 discloses a portable fluid infusion device 
including a flexible piston rod assembly. Attached to the 
piston is a flexible pusher tape, reversely bent in a U- 

20 shape at the upstream or open end of the syringe so that 
the distal end of the tape is adjacent to and in a posi- 
tion to ride upon the cylindrical body of the syringe as 
the piston is moved within the body of the syringe. The 
flexible pusher tape is made of a readily flexible pla.s- 

25 tics material such as a molded polypropylene, A series of 
parallel grooves are preformed in the face of the plas- 
tics tape along the narrow center portion thereof. The 
outwardly extending face of the tape is engaged by the 
helical drive screw at the part of the piston rod, which 

30 is deflected away from the axis of the cartridge. The ro- 
tation of the screw by a DC motor propels the tape in its 
U-shaped path to drive the piston. 


35 
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Disclosure of the Invention: 

The problems of the prior art are that the driving means 
are located relatively far from the piston and require a 
5 relatively thick piston rod having a relatively high 
friction with the housing and the cartridge, thus requir- 
ing a relatively high power consuming motor to advance it 
and possibly introducing inaccuracies in the displacement 
of the piston, or that the means for advancing the tape- 
10 shaped piston rod, the take-up spool storing the unused 
part of the tape, and the drum or wheel that supports the 
U-shaped path of the tape are individual self-contained 
functional units, yielding a relatively complex solution. 

15 The object of the present invention is to provide a medi- 
cation delivery system that combines compactness with an 
improved accuracy. 

This is achieved according to the invention in that said 
2 0 flexible piston rod exhibits a linear or approximately 
linear path between said driving wheel and said piston. 

In the present context, the term ^medication delivery 
system' is taken to mean an injector type device (such as 

25 a pen injector or a jet injector) for delivering a dis- 
crete dose of a liquid medication (possibly in the form 
of small drops) or a medication pump for continuous de- 
livery of a liquid medication - in both cases optionally 
in combination with relevant electronic monitoring and 

30 control and possibly communications units. 

In the present context the term x piston' is taken to mean 
a displaceable plate or cylinder that fits tightly 
against the inner walls of a cartridge. A surface of the 
35- piston that faces the inner part of the cartridge and 
which may be brought into contact with the contents of 
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the cartridge is termed 'the inner surface of the pis- 
ton' , and the opposite side of the piston is termed 'the 
outer surface of the piston' . In cooperation with a 'pis- 
ton rod' that is engaged with 'the outer surface of the 
5 piston' , the 'piston' may be displaced and used to apply 
pressure to a surface of the contents of the cartridge 
being in contact with 'the inner surface of the piston' , 
thus e.g. delivering a dose through the outlet of the 
cartridge, if the piston is displaced in the direction 
i0 towards the outlet. In the present context, the term 
'piston' may also apply to a movable wall or membrane 
that engages with a plunger being an integral part of the 
piston rod. 

15 In the present context, the term 'piston rod being oper- 
able to engage and displace said piston' is taken to mean 
that the piston rod may or may not be fixed to the mov- 
able wall, but that in both cases it has the ability to 
displace the piston at least in a direction towards the 

20 outlet of the cartridge. 

In the present context, the term 'driving wheel' is. taken 
to mean the part of the driving means that cooperates 
with the activating means (e.g. an electromotor) and the 

25 piston rod to transfer the movement of the activating 
means to a displacement of the piston rod. It may take 
the form of a gear wheel or drum or any other appropriate 
form that may be adapted to cooperate with the piston 
rod. A gear box may be inserted between the activating 

30 means and the driving wheel. 

An advantage of having a linear path of the piston rod 
between the driving wheel and the piston is that the risk 
of introducing errors in the displacement of the piston 
35 by the rod is reduced because a more direct drive of the 
piston is provided (i.e. the sources of mechanical inac- 
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curacies from a remotely located driving wheel due to the 
curved path, extra friction of the guiding means, etc. 
are eliminated) . Related advantages of this are that an 
improved dose accuracy may be achieved and that the re- 
5 quirements with respect to the power of the activating 
means are reduced, leading to a possible reduction in 
weight and volume of the device. 

A further improved dose accuracy may be achieved by com- 
10 bining the present invention with the invention disclosed 
in our co-pending patent application A medication deliv- 
ery system with improved dose accuracy incorporated 
herein by reference. 

15 Other advantages of the invention are that it uses a sim- 
ple principle for transferring rotational movement of the 
actuating means to translatory movement of the piston 
rod, a principle that may be implemented in many differ- 
ent ways depending on the design constraints as regards 

20 space and materials. It allows the construction of a 
relatively compact medication device (utilizing e.g. a 
180 degrees curve of the path of the piston rod), using a 
relatively thin piston rod yielding the benefits of a low 
weight and a potentially economical solution that is 

25 suited for large-scale production. 

When said flexible piston rod remains in a fully reversi- 
ble elastic state during cooperation with said driving 
wheel and said guiding means, it is ensured that the pis- 
30 ton rod is able to adjust to the various curvatures of 
the driving and guiding means and cooperate therewith, 
without being irreversibly deformed. 

When the surface of said flexible piston rod in a trans- 
35 versal cross-section is adapted to follow the surface of 
said driving wheel fully or partially, it is ensured that 
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the change of the cross-section of the piston rod during 
its bending cooperation with the driving and guiding 
means is accounted for to ensure a seamless cooperation 
between the rod and the driving and guiding means, 

5 

When said guiding means also work as a take-up spool for 
storing the unused part of the piston rod, it is ensured 
that an especially compact and economical solution is 
provided. 

10 

When said driving wheel and said guiding means are the 
same physical unit, it is ensured that an especially sim- 
ple, compact and economical solution is provided. 

15 When said driving wheel is located after said guiding 
means in a downstream direction towards said cartridge, 
it is ensured that the driving means are located as close 
as possible to the piston to be displaced, thus minimiz- 
ing the sources of errors and improving dose accuracy. 

20 

In the present context, the term ^downstream' is taken to 
mean in a direction of the movement of the piston when 
medication is expelled from the cartridge, said direction 
also defining a ^longitudinal direction' of the piston 
25 rod. 

When said piston rod touches the inner walls in an axial 
direction of said cartridge at one or more points in a 
transversal cross-section of said piston rod, it is en- 
30 sured that the ability of the rod to withstand an axial 
pressure is improved. 

In the present context y the inner walls of the cartridge' 
are taken to mean the interior surfaces of the walls of 
35 the cartridge being in contact with the medication. X A 
transversal cross-section of the piston rod' is taken to 
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mean a cross-section of the rod that is perpendicular to 
the longitudinal direction of the piston rod, i.e. for 
the part of the rod between the driving wheel and the 
piston, a direction perpendicular to the direction de- 
5 fined thereby (i.e. perpendicular to the axial direction 
of the cartridge) . 

When the longitudinal edges of said piston rod in the 
cartridge touch the inner walls of said cartridge, it is 
10' ensured that the piston rod is guided when displacing the 
piston in the cartridge, improving the ability to with- 
stand an axial pressure. 

In the present context the term A the longitudinal edges 
15 of said piston rod in the cartridge 7 refers to the edges 
of the rod in a direction defined by the longitudinal di- 
rection of the piston rod. 

When said flexible piston rod is tape-shaped, it is en- 
20 sured that a solution that is convenient from a produc- 
tion point of view and which is well suited for coiling 
is provided, and that an improved flexibility in the 
physical design of the medication delivery system is in- 
troduced. 

25 

In the present context the term A tape-shaped' in connec- 
tion with piston rod' is taken to mean that the cross- 
section of the rod perpendicular to its longitudinal di- 
rection is ^wider' than its ^height' . It does not have to 
30 take the form of a rectangular cross-section but could be 
grooved or toothed or wave-shaped or convex or concave or 
something else that might be convenient from a design 
point of view. 

35 When said flexible piston rod consists of two separate 
tape-shaped bodies that are joined together at one or 
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more points in a transversal cross-section, it is ensured 
that a greater axial pressure may be applied to the' rod 
compared to a 'single layer' solution, in other words 
that thinner materials may be used, resulting in lower 
5 weight and reduced costs and thus a greater degree of 
freedom in the design of the medication delivery device. 
Further, the piston rod may be subject to a sharper bend 
than a corresponding one-layer rod. A tape-shaped piston 
rod that is sufficiently stiff in itself (i.e. without 
10 touching the inner walls of the cartridge) may thus be 
provided. 

In a preferred embodiment said two separate tape-shaped 
bodies are joined together in the central point of . a 
15 transversal cross-section. 

In a preferred embodiment the distance between said two 
tape-shaped bodies increases with increasing distance 
from said central point when viewed in a transversal 
20 cross-section in a relaxed state. 

In the present context the term x in a relaxed state' re- 
fers to a situation in which no external forces (other 
than gravity) are applied to the rod. 

25 

When said two separate tape-shaped bodies are joined to- 
gether at the edges of a transversal cross-section, it is 
ensured that an economical and light-weight solution that 
is well suited for production in larger quantities is 
30 provided, and which may be bent around a relatively 
smaller minimum radius of curvature. 

In a preferred embodiment, said edges are joined by ap- 
plying a coating layer to the surface of said separate 
35 tape-shaped bodies. This has the advantage (in addition 
to joining the two bodies by forming a continuous and 
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flexible hinge between their corresponding longitudinal 
edges) of yielding a very even surface of the rod and 
provides the possibility of applying a coating that is 
especially appropriate for the application in question, 
5 e.g. that it minimizes friction, that it improves corro- 
sion resistance, etc. 

In a preferred embodiment said two tape-shaped bodies de- 
scribe an eye-shaped path when viewed in a transversal 
10 cross-section in a relaxed state. 

In a preferred embodiment said first members on said 
flexible piston rod comprise protruding members and said 
corresponding second members on said driving wheel com- 

15 prise receiving members. In an embodiment thereof, the 
driving wheel comprises e.g. regularly spaced indenta- 
tions that interact with corresponding protrusions on the 
piston rod to displace the piston rod. This has the ad- 
vantage that the protrusions are 'hidden' in the driving 

2 0 wheel when the piston rod engages the wheel, possibly re- 
ducing the free space needed around the driving wheel 
(thus minimizing the volume of the construction) . 

In a preferred embodiment said first members comprise re- 
25 ceiving members and said corresponding second members 
comprise protruding members. 

In a preferred embodiment said first members comprise in- 
dividually isolated indentations and said corresponding 
30 second members comprise individually isolated projecting 
members . 

When said first members comprise individually isolated 
through holes and said corresponding second members com- 
35 prise individually isolated projecting members, it is en- 
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sured that a secure grip between piston rod and driving 
wheel is provided. 

In a preferred embodiment said regularly spaced members 
5 are located along a centerline in the longitudinal direc- 
tion of said flexible piston rod. 

When said first members comprise individually isolated 
cuts located at least along one periphery in the longitu- 
10 dinal direction of said flexible piston rod and said cor- 
responding second members comprise individually isolated 
projecting members, it is ensured that a secure grip be- 
tween piston rod and driving wheel is provided. Further, 
a greater axial stiffness of the rod is achieved. 

15 

When the piston rod is at least partially made of a plas- 
tics material, it is ensured that a solution combining 
the benefits of using a plastics material (e.g. corrosion 
resistance) with those of other materials (e.g. greater 
20 mechanical stability, stiffness, etc.) may be provided. 

In a preferred embodiment the piston rod is at least par- 
tially made of a metallic material. 


25 
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Brief Description of the Drawings: 

The invention will be explained more fully below in con- 
nection with a preferred embodiment and with reference to 
5 the drawings, in which: 

fig. 1 shows a medication delivery system according to 
the invention where the driving wheel is located next to 
the medication cartridge, 

10 

figs. 2.a-2.b show an embodiment of the invention where 
driving wheel and guiding means are one physical unit, 

figs. 3.a-3.d show various embodiments of a tape-shaped 
15 piston rod according to the invention, 

figs. 4.a-4.c show a tape-shaped piston rod and corre- 
sponding driving wheel according to the invention for 
which a coiling of the tape on the driving wheel is pos- 
20 sible, 

fig. 5 shows a medication delivery system according to 
the invention where the driving wheel in the form of a 
screw is located between the guiding means and the medi- 
25 cation cartridge, 

figs. 6.a-6.b show some possible designs of a piston rod 
according to the invention, and 

30 figs. 7.a-7.b show some possible designs of a piston rod 
and a driving drum according to the invention. 

The figures are schematic and simplified for clarity, and 
they just show details which are essential to the under- 
35 standing of the invention, while other details are left 
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out. Throughout, the saiae reference numerals are used for 
identical or corresponding parts. 

5 Detailed Description of Embodiments: 

Fig. 1 shows a medication delivery system according to 
the invention where the driving wheel is located next to 
the medication cartridge. 

10 

In the embodiment of the medication delivery system 1 in 
fig. 1, a medication cartridge 11 (possibly a replaceable 
one) with a piston 112 and an outlet 111 to which a nee- 
dle 22 (possibly replaceable) may be fixed, is shown to 

15 cooperate with a piston rod 13 in the form of a tape, the 
tape being arcuate (cf. correspondingly fig. 2.b) in a 
transversal cross-section. The cartridge 11 is removably 
fixed to a cartridge holder 12. The piston rod 13 may be 
displaced along a longitudinal axis 113 of the cartridge 

20 11. A downstream direction is defined by the arrow 1131. 
The movement of the piston rod 13 is activated by an 
electromotor 15 whose rotational movement is transferred 
to a linear displacement of the piston rod by suitable 
driving means, the driving means comprising inter alia a 

25 driving wheel 17 with regularly spaced protruding members 
171 that are adapted to cooperate with corresponding 
regularly spaced openings (cf. 331 in figs. 3.c and 3.d) 
on the piston rod. The piston rod 13 is bent to make a 
180 degrees U-turn over a first guiding wheel 14. A sec- 

30 ond guiding wheel 18 ensures a proper contact between the 
piston rod and the driving wheel 17. In the embodiment of 
fig. 1, the faces of the second guiding wheel 18 and the 
driving wheel 17 that receive the tape-shaped piston' rod 
13 have a concave face and a corresponding convex face, 

35 respectively. This has the effect that the piston rod ac- 
quires its normal arcuate form in a transversal direction 
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of the rod appropriately adjusted to the diameter of the 
medication cartridge (e.g. so that the edges of the pis- 
ton rod (and not the central part of the rod) touch the 
inner walls of the cartridge (cf. fig. 2.b) . The receiv- 
5 ing faces of the guiding wheels 14, 18 and driving wheel 
17 may of course take other forms that are convenient 
from a design point of view. 

In an embodiment of the invention, the piston rod 13 is 
10 adapted to elastically adjust fully or partially to the 
shape of the surfaces of the driving wheel 17 and the 
guiding wheel 14 along its path of contact with said 
wheels. Alternatively, the surfaces of the wheels are 
adapted to match fully or partially the shape of the side 
15 of the piston rod that engages with the wheels when the 
piston rod is bent around the wheel in question. This ap- 
plies to the longitudinal as well as the transversal di- 
rections of the rod. In the longitudinal direction, the 
Smallest diameter of the wheel is limited by the smallest 
2 0 diameter around which the rod may be elastically bent 
(i.e. reversibly) . In the transversal direction, for the 
embodiment in fig. 6. a, for example, this means that the 
eye-shaped cross-sectional view ^collapse' to a shape 
that follows the wheel in question. 

25 

In another embodiment of the invention, the width of the 
driving wheel (and possible guiding wheels) is smaller 
than the width of the tape-shaped rod when viewed in a 
transversal cross-section (cf. fig. 7. a) . In this case, a 
30 piston rod with centrally located (cf. e.g. fig. 3. a, 3.c 
or 6. a) or nearly centrally located (cf. fig. 3.d or 6.b) 
is used. 

In an embodiment of the invention said first guiding 
35 wheel 14 is substituted by a fixed guideway (providing an 
equivalent bending of the piston rod) , optionally coated 
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with a layer that ensures a low friction between guideway 
and piston rod. The transversal cross-section of the 
guideway is adapted to match fully or partially the shape 
of the side of the piston rod that engages with the 
5 guideway when the piston rod is bent around it during its 
normal operation. 

When the medication cartridge is replaceable, it is en- 
sured that the major part of the medication device may be 

10 used again and again only by inserting a new cartridge 
(and possibly a new needle in the case of an injection 
device) when the contents of the medication cartridge has 
been ejected or when another medication is to be used, 
i.e. e.g. in the situation of a person's self-treatment 

15 of a disease (e.g. diabetes) that requires frequent de- 
livery of medication (e.g. insulin) over an extended pe- 
riod of time. If the replaceable cartridge contains a 
fully functioning piston (and possibly a corresponding 
piston rod) , a convenient and flexible solution is pro- 

20 vided, where the medication cartridge may be replaced in 
a quick and hygienically safe way. 

To ensure that the piston rod follows the guiding wheel 
14 along the relevant part thereof, the 'upstream' end of 

25 the piston rod (i.e. the end of the rod that does not en- 
gage the piston) may be connected to a part of the medi- 
cation device that is held fixed relative to the car- 
tridge by a salient element (e.g. a spring, not shown) 
whose one end is tied to the piston rod and whose other 

30 end is held fixed. 

Typically, the medication delivery process including 
analysis and use of historical data concerning the device 
and user in question, diagnostic proposals, error correc- 
35 tion, etc. is governed by appropriate processing and com- 
munications units. 
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In the embodiment in fig. l.a the driving means include 
appropriate means 16 for transferring movement from the 
electromotor 15 to the driving wheel 17, e.g. in the form 
5 of a gear box. The electromotor is controlled by . a proc- 
essing unit 19 (including relevant memory means) . The 
processing unit 19 may exchange information with the user 
and other systems via I/O-means 20 (comprising e.g. a 
display, keypad, and relevant communications interfaces) . 
10 The electronic units are powered from the energy source 
21 (e.g. a battery pack or an interface to external ener- 
gizing means) . 

A housing 10 for protecting and optionally supporting the 
15 piston rod at its 180 degrees path and for covering the 
electromotor and other vital parts of the device is pro- 
vided. 

The housing 10, the cartridge holder 12, the means 16 for 
20 transferring movement from the electromotor to the driv- 
ing wheel, the electromotor 15, the processing unit' 19, 
the I/O-means 20 and the energy source 21 are not in- 
cluded in figs. 2 and 5, but are implied. 

25 Figs. 2.a-2.b show an embodiment of the invention where 
driving wheel and guiding means are one physical unit. 

In fig 2. a only the central features of the invention are 
illustrated. Fig. 2. a shows a driving wheel 17 with regu- 

30 larly spaced teeth 171 that cooperate with corresponding 
indentations on the piston rod 13. When the driving wheel 
17 is activated in a counterclockwise direction by the 
actuating means (not shown) , the piston rod 13 is dis- 
placed in a downstream direction and acts to displace the 

35 piston 112 to expel medication from the cartridge 11 
through the outlet 111 and an attached needle (not 
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shown) . By allowing the driving wheel to create the 180 
degrees bending of the piston rod, a particularly simple 
embodiment is provided. Additionally, this embodiment is 
more compact and lighter. 

5 

Fig. 2.b shows a cross-sectional view of the medication 
cartridge 11 and the piston rod 13 along the line BB. The 
curved cross-section of the piston rod 13 is apparent. 
The edges 131, 132 of the tape-shaped piston rod glide on 
10 the inner walls of the cartridge 11, yielding a mechani- 
cally more stable construction in that a greater force 
may be applied to the tape rod, without it bending out of 
the linear path from the edge of the driving wheel to the 
point of engagement of the piston rod with the piston. 

15 

Figs. 3.a-3.d show various embodiments of a tape-shaped 
piston rod according to the invention. 

Fig. 3. a shows an embodiment of a tape-shaped piston rod 
20 33 with parallel grooves 330 in a transversal (or nearly 
transversal) direction of the tape-shaped piston rod in a 
central part on the side of the tape that cooperates with 
a corresponding driving screw (cf . 17 in fig. 5) . The 
grooves may optionally extend through the material to 
25 form slots for cooperation with corresponding threads on 
the driving wheel. 

Fig. 3.b shows an embodiment of a tape-shaped piston rod 
33 with regularly spaced cut-outs 332 in each of the lon- 

30 gitudinal edges of the tape for cooperation with corre- 
sponding projecting pins on the driving wheel (not illus- 
trated) . Put differently, the tape-shaped piston rod is 
provided with regularly spaced projecting members along 
its longitudinal edges and the driving wheel has corre- 

35 sponding receiving members to provide a secure grip of 
the piston rod when the rod engages with the driving 
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wheel. This embodiment yields a very good grip between 
tape and wheel and a very accurate positioning in a 
transversal direction of the tape, both contributing to a 
more accurate dosage. It further provides a piston rod 
5 that is able to withstand a larger axial pressure (with- 
out bending) than corresponding solutions depicted in 
figs 3.c and 3.d. 

Fig. 3.c shows an embodiment of a tape-shaped piston rod 
10 33 with regularly spaced, centrally located rectangular 
through holes 331 in the tape for cooperation with corre- 
sponding projecting pins on the driving wheel (e.g. 171 
in figs . 1 and 2) . 

15 Fig. 3.d shows an embodiment of a tape-shaped piston rod 
33 with two rows of regularly spaced, circular through 
holes 331 located symmetrically around the longitudinal 
centre line of symmetry of the tape for cooperation with 
corresponding projecting pins on the driving wheel (not 

20 shown) . 

Figs. 4.a-4.c show a tape-shaped piston rod and corre- 
sponding driving wheel according to the invention for 
which a coiling of the tape on the driving wheel is pos- 
25 sible. 

The piston 33 comprises a tape with centrally situated, 
. regularly spaced circular holes 331 adapted to cooperate 
with corresponding protruding circular cylindrical mem- 

30 bers 361 on the driving drum 36. The driving drum is ac- 
tivated by an electromotor (not shown) through appropri- 
ate driving means (e.g. a gear box, not shown) . The holes 
ate shown to be positioned along a centerline of the 
tape, but may of course be located at one or both longi- 

35 tudinal edges of the tape (cf. fig. 3.b) or along a line 
off the centre line or in any other convenient way as 
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long as the protruding means on the driving drum follow a 
corresponding pattern. Likewise, the individual holes and 
corresponding protruding members may take on any conven- 
ient form, e.g. edged as opposed to circular, as long as 
5 the holes in the tape and the protruding members on the 
driving drum correspond. 

Figs. 4. a and 4.b show orthogonal plane views of .the pis- 
.ton rod and driving drum, whereas fig. 4.c shows a per- 
10 spective view of a coiled piston rod and illustrate the 
fact that the unused part of the tape/piston rod may be 
stored on the driving drum, yielding a simple and compact 
solution. 

.15 Fig. 5 shows a medication delivery system according to 
the invention where the driving wheel in the form of a 
screw is located between the guiding means and the medi- 
cation cartridge. 

20 Fig. 5 shows a driving screw 17 that cooperates with cor- 
responding grooves (cf. 330 in fig. 3. a) on the piston 
rod 13. When the driving wheel 17 is activated by the ac- 
tuating means (not shown) , the piston rod 13 is displaced 
in a downstream direction and acts to displace the piston 

25 112 to expel medication from the cartridge 11 through the 
outlet and an attached needle (not shown) . The piston rod 
makes a 180 degrees bend over a guiding wheel 14. A sec- 
ond guiding wheel 18 ensures a proper contact between the 
piston rod and the driving screw 17. 

30 

Fig. 6 shows some possible designs of a piston rod ac- 
cording to the invention. 

The piston rod may be made in many different forms ac- 
35 cording to design requirements (materials, stiffness, 
weight, corrosion, etc.) and cost. The rod may be made. of 
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one longitudinal piece of material or alternatively be 
composed of several layers joined together at one or more 
points in a transversal cross-section of the tape. In the 
longitudinal direction, the tape may be joined together 
5 in isolated (possibly regularly spaced) 'points' or con- 
tinuously. The joining may be performed by welding or ad- 
hesive techniques or any other appropriate joining tech- 
nique. 

10 Fig. 6. a shows a preferred embodiment of a tape-shaped 
piston rod 33, where the rod is made of two identical 
longitudinal pieces 335, 336 of foil that are joined to- 
gether along their edges 131, 132 and have centrally lo- 
cated 334, regularly spaced openings 331 for cooperation 

15 with a driving wheel. The two individual pieces of tape 
have an arcuate cross-section in a relaxed state, thus 
forming an eye-shaped cross-section when joined at the 
edges. In a preferred embodiment the individual pieces of 
tape are made of a salient metallic material of 0.5 mm 

20 thickness and the joining is achieved by coating the 
outer surface with a ductile polymer layer. If appropri- 
ate, the layer may be applied to the inner surfaces of 
the rod or only along the joining lines of the rod. Al- 
ternatively, a ductile adhesive tape may be applied along 

25 the joining lines of the rod. 

In another preferred embodiment, as depicted in fig. 6b, 
the rod 33 is made of two identical longitudinal pieces 
337, 338 of foil that are joined together along their 

30 centre lines 334 to give an X-shaped cross-section and 
having two rows of regularly spaced holes 3311, 3312 for 
cooperation with a driving wheel. The holes are located 
on each side of the central point of the tape when viewed 
in a transversal cross-section of the rod. The holes are 

35 shown to be circular and quadratic, respectively, " but 
they may take any form that is appropriate for coopera- 
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tion with a driving wheel. Likewise indentations may be 
used depending on material thickness as long as a suffi- 
cient grip with the driving wheel is ensured. 

5 Figs. 7.a-7.b show some possible designs of a piston rod 
and a driving drum according to the invention. 

Fig. 7. a shows an embodiment of the invention where the 
driving drum 17 with regularly spaced projecting pins 171 

10 has a width 173 in the direction of its axis of symmetry 
that is much smaller than the width 335 of the tape- 
shaped piston rod 33. The piston rod 33 has regularly 
spaced openings 331 located along a centre line 334 
adapted to cooperate with the projecting pins 171 of the 

15 driving drum 17. The piston rod has longitudinal edges 
131, 132. The piston rod has an arcuate transversal 
cross-section in a relaxed state. The surface 172 of the 
driving drum facing the corresponding surface 133 of the 
piston rod (shown in fig. 7. a in its relaxed state) is 

20 flat (linear as opposed to arcuate), but may take . any 
convenient form as long as its width 172 is sufficiently 
small compared to the width 335 of the rod and the pro- 
jecting pins provide a sufficient grip with the openings 
of the piston rod. 

25 

Fig. 7.b shows an embodiment of the invention where the 
driving drum 17 with regularly spaced projecting pins 171 
has a width 173 in the direction of its axis of symmetry 
that is comparable to the width 335 of the tape-shaped 

30 piston rod 33. Again, the piston rod 33 has regularly 
spaced openings 331 located along a centre line 334, the 
rod having longitudinal edges 131, 132. The openings 331 
are adapted to cooperate with the projecting pins 171 of 
the driving drum 17. The piston rod has an arcuate trans- 

35 versal cross-section in a relaxed state. The surface 172 
of the driving drum facing the corresponding surface 13*3 
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of the piston rod is arcuate and adapted to match the 
curvature of the piston rod fully or partially in a 
transversal cross-section, when the rod is brought into 
contact with and forced to follow a radial path of the 
5 drum (i.e. when the projecting pins of the drum cooperate 
with the openings of the piston rod) . The arcuate surface 
133 of the piston rod in a relaxed state is shown in fig. 
7.b. In general, the radius of curvature of the surface 
172 of the driving drum contacting the piston rod is 

10 greater than the radius of curvature of the corresponding 
surface 133 of the transversal cross-section of the pis- 
ton rod in a relaxed state, as indicated in fig. 7.b. In 
a special embodiment the radius of curvature of the sur- 
face 172 of the driving drum contacting the piston rod is 

15 infinite (i.e. the surface is linear) . 

The piston rod and driving and guiding members should be 
designed in such a way that the piston rod, when cooper- 
ating with the said members, remains in a fully reversi- 
20 ble, elastic mode of deformation (in its longitudinal as 
well as its transversal cross-sections) . This may be 
achieved by a proper choice of materials and geometrical 
dimensions . 

25 

Some preferred embodiments have been shown in the forego- 
ing, but it should be stressed that the invention is not 
limited to these, but may be embodied in other ways 
within the subject-matter defined in the following 
30 claims. 
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Claims : 

1. A portable medication delivery device (1) com- 
prising a medication cartridge (11) having an outlet 

5 (111) and a movable piston (112), and a housing (12) for 
holding said cartridge, and a flexible piston rod (13) 
being operable to engage and displace said piston along 
an axis (113) of said cartridge, and guiding means (14) 
for bending said piston rod away from said axis, and ac- 

10 tuating means (15), and driving means (16, 17) for trans- 
ferring movement from said actuating means to said piston 
rod, said driving means including a driving wheel (17) 
for displacing the piston rod (13), said flexible piston 
rod comprising regularly spaced first members (330; 331; 

15 332) adapted to mechanically cooperate with corresponding 
second members (171) on said driving wheel, 
characterized in that 

said flexible piston rod (13) exhibits a linear or ap- 
proximately linear path between said driving wheel (17) 
20 and said piston (112) . 

2. A portable medication delivery device according 
to claim 1, 

characterized in that 
25 said flexible piston rod (13) remains in a fully reversi- 
ble elastic state during cooperation with said driving 
wheel (17) and said guiding means (14). 

3. A portable medication delivery device according 
30 to claim 1 or 2, 

characterized in that 

the surface (133) of said flexible piston rod (13) in a 
transversal cross-section is adapted to follow the sur- 
face (172) of said driving wheel (17) fully or partially. 


35 
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4. A portable medication delivery device according 
to any one of claims 1-3, 
characterized in that . 

said guiding means (14; 36) also work as a take-up spool 
5 for storing the unused part of the piston rod (13/ 33) . 

5. A portable medication delivery device according 
to any one of claims 1-4, 
characterized in that 

10 said driving wheel and said guiding means are the same 
physical unit (17; 36) . 

6. A portable medication delivery device according 
to any one of claims 1-4, 

15 characterized in that 

said driving wheel (17) is located after said guiding 
means (14) in a downstream direction (1131) towards said 
cartridge (11) . 

2 0 7. A portable medication delivery device according to any 
one of claims 1-6, 

characterized in that 

said piston rod (13) touches the inner walls in an axial 
direction (113) of said cartridge (11) at one or more 
25 points in a transversal cross-section of said piston rod. 

8, A portable medication delivery device according to 
claim 7, 

characterized in that 
30 the longitudinal edges (131, 132) of said piston rod (13) 
in the cartridge (11) touch the inner walls of said car- 
tridge . 

9. A portable medication delivery device according to any 
35 one of claims 1-8, 

characterized in that 
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said flexible piston rod (13) is tape-shaped. 

10- A portable medication delivery device according 

to any one of claims 1-9, 
5 characterized in that 

said flexible piston rod (13) consists of two separate 
tape-shaped bodies that are joined together at one or 
more points in a transversal cross-section. 

10 11. A portable medication delivery device according 

to claim 10, 

characterized in that 

said two separate tape-shaped bodies (337, 338) are 
joined together in the central point (334) of a transver- 
15 sal cross-section. 

12. A portable medication delivery device according 

claim 11, 

characterized in that 
20 the distance between said two tape-shaped bodies (337, 
338) increases with increasing distance from said central 
point (334) when viewed in a transversal cross-section in 
a relaxed state. 

25 13. A portable medication delivery device according 

to claim 10, 

characterized in that 

said two separate tape-shaped bodies (335, 336) are 
joined together at the edges (131, 132) of a transversal 
30 cross-section. 

14. A portable medication delivery device according 

to claim 13, 

characterized in that 
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said edges (131, 132) are joined by applying a coating 
layer to the surface of said separate tape-shaped bodies 
(335, 336) . 

5 15. A portable medication delivery device according 

to claim 13 or 14, 

characterized in that 

said two tape-shaped bodies (335, 336) describe an eye - 
shaped path when viewed in a transversal cross-section in 
10 a relaxed state. 

16. A portable medication delivery device according 
to any one of claims 1-15, 
characterized in that 

15 said first members on said flexible piston rod comprise 
protruding members and said corresponding second members 
on said driving wheel comprise receiving members. 

17. A portable medication delivery device according 
20 to any one of claims 1-15, 

characterized in that 

said first members comprise receiving members (330; 331; 
332) and said corresponding second members comprise pro- 
truding members (171; 361) . 

25 

18. A portable medication delivery device according 
to claim 17, 

characterized in that 

said first members comprise individually isolated inden- 
30 tations and said corresponding second members comprise 
individually isolated projecting members. 

19. A portable medication delivery device according 
to claim 17, 

35 characterized in that 
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said first members comprise individually isolated through 
holes (331; 3311; 3312) and said corresponding second 
members comprise individually isolated projecting members 
(171; 361) . 

5 

20. A portable medication delivery device according 
to any one of claims 16-19, 
characterized in that 

said regularly spaced members (331) are located along a 
10 centre line (334) in the longitudinal direction of said 
flexible piston rod (33) . 

21. A portable medication delivery device according 
to claim 17, 

15 characterized in that 

said first members comprise individually isolated cuts 
(332) located at least along one periphery in the longi- 
tudinal direction of said flexible piston rod (33) and 
said corresponding second members comprise individually 

20 isolated projecting members. 

22. A portable medication delivery device according 
to any one of claims 1-21, 
characterized in that 

25 the piston rod (13; 33) is at least partially made of a 
plastics material. 

23. A portable medication delivery device according 
to any one of claims 1-22, 

30 characterized in that 

the piston rod (13; 33) is at least partially made of a 
metallic material. 


35 
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Fig. 2.b 
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Fig. 3.a Fig. 3.b 


Fig. 3.c Fig. 3.d 


WO 02/28455 


PCT/DK01/00651 



Fig. 4.c 
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